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Abstract
OBJECTIVES—We examined the association between neighborhood convenience stores and 
diet outcomes over 20 years of the Coronary Artery Risk Development in Young Adults 
(CARDIA) study.
METHODS—We used dietary data from CARDIA exam years 1985–6, 1992–3, and 2005–6 
(n=3,299) and geographically and temporally matched neighborhood-level food resource (Dun & 
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Bradstreet) and US Census data. We used random-effects repeated measures regression to estimate 
associations between availability of neighborhood convenience stores with diet outcomes, and 
whether these associations differed by individual-level income.
RESULTS—In multivariable-adjusted analyses, greater availability of neighborhood convenience 
stores was associated with lower diet quality (mean score=66.3, SD=13.0) for participants with 
lower (versus higher) individual-level income (β, −2.40; 95% CI: −3.30, −1.51); associations at 
higher individual-level income were weaker. We observed similar associations with whole grain 
consumption across time, but no statistically significant associations with consumption of sugar-
sweetened beverages, artificially-sweetened beverages, snacks, processed meats, fruits, or 
vegetables.
CONCLUSIONS—Convenience stores may promote lower quality diets. Furthermore, low-
income individuals may be most sensitive to convenience store availability, and thus may benefit 
most from improvements to the food environment.
INTRODUCTION
Although evidence from interventions and randomized controlled trials is rare, observational 
epidemiological studies suggest that fruit, vegetable, and whole grain consumption are 
cardio-protective1–5 and that intake of processed meats, sugar-sweetened beverages (SSBs), 
artificially-sweetened beverages (ASBs), and snack foods are associated with elevated risk 
of cardiometabolic health-related outcomes.6–12 In addition to single foods, poor adherence 
to nutritional guidelines and lower diet quality are associated with obesity, weight gain, and 
other cardiometabolic outcomes,13–17 with minorities and individuals of low socioeconomic 
status (SES) particularly affected.18–20
A majority of behavioral interventions to reduce SSB and snack food intake, and to increase 
diet quality, have not been successful.21–24 Thus researchers have called for policies and 
initiatives to modify the retail food environment to provide healthy options for 
consumers,25–28 including a focus on convenience stores and corner stores.29 Several studies 
suggest that convenience stores and small urban stores provide energy-dense, nutrient-poor 
snacks and sugar-sweetened drinks and offer few healthy snack options and other nutritious 
food items (e.g., fruit, vegetables, whole grains).30–36 Among the studies that examine 
access to convenience stores in relation to obesity-related and diet outcomes, the literature 
provides mixed findings.37–49 Further, with few exceptions,46–49 prior studies are cross-
sectional37–47,49 or do not examine potential differences by SES.37–45,48 In addition, none 
have focused on racially diverse, young- to middle-aged adults across a variety of 
metropolitan areas.
To address these gaps, we utilize longitudinal physical examination-based, anthropometric, 
and biomarker data from the Coronary Artery Risk Development in Young Adults 
(CARDIA) study spanning a 20-year period. Using temporally and geographically matched 
neighborhood food outlet locations, we estimate the association between diet and percentage 
of convenience stores within 3-km of CARDIA respondents’ homes. To address the 
potential role of convenience stores in socioeconomic disparities in cardiometabolic risk 
factors, we explicitly examine how associations between percentage of neighborhood 
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CARDIA is a prospective study of the development of cardiometabolic disease among 
adults. In 1985–6, 5115 black and white men and women aged 18–30 years were recruited to 
attain an approximately balanced representation of age (18–24 or 25–30), race (white or 
black), gender, and education (≤high school or >high school) from four metropolitan study 
centers (Birmingham, AL; Chicago, IL; Minneapolis, MN; and Oakland, CA, USA). 
Follow-up examinations were conducted in 1987–1988 (Year 2), 1990–1991 (Year 5), 
1992–1993 (Year 7), 1995–1996 (Year 10), 2000–2001 (Year 15), 2005–2006 (Year 20), 
and 2010–2011 (Year 25), with retention rates of 91%, 86%, 81%, 79%, 74%, 72%, and 
72%, respectively.
We used a Geographic Information System (GIS) to geographically and temporally link 
time-varying, neighborhood-level food resources (e.g., restaurants, supermarkets) and US 
Census data to CARDIA respondents’ residential addresses, capturing all food outlets within 
a 5-mile radius of each individual at each examination year.
Dietary assessment
Diet was assessed at exam years 0, 7, and 20 using the CARDIA Diet History50, an 
interviewer-administered, open-ended validated questionnaire about dietary intake in the 
past month.51 Diet history data were assigned to 166 food groups using a food-grouping 
system created by the University of Minnesota Nutrition Coordinating Center (NCC). These 
food groups were further collapsed by CARDIA investigators into 46 food groups, as 
previously described.20,52,53 Food group intake was calculated as servings per day. Using 
these data, we considered a range of diet exposure variables, including dietary patterns and 
food groups to identify which components of participants’ diets were significantly impacted 
by neighborhood availability of convenience stores.
Dietary patterns
Details of the construction of the CARDIA a priori summary score of diet quality (“a priori 
diet quality score”) have been published.20,52,53 In brief, we used the a priori diet quality 
score, which categorizes the 46 food groups as beneficial (n=20), adverse (n=13), or neutral 
(n=13) based on their hypothesized relationships with health.20,52 Consumption of adverse 
and beneficial foods were categorized by quintiles ranging from lowest to highest 
consumption and then given a score of 0 to 4 for positively-rated food groups and 4 to 0 for 
negatively-rated food groups; for example, intake in the highest quintile of beneficial foods 
(e.g., whole grains, fruits, vegetables) received a score of 4 and intake in the highest quintile 
of adverse foods (e.g., SSBs, ASBs, salty snacks, processed meat) received a score of 0). 
This scoring system resulted in a final a priori diet quality score with a theoretical maximum 
of 132 and a mean of 63.3 (SD 13, range 24–107) at Year 0 in CARDIA, with a higher score 
indicating higher diet quality.
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We created several specific food groups that we considered relevant to our study: fruits (not 
including juice), vegetables (not including juice), whole grains, processed meats, snacks 
(including chips, meat-based savory snacks, and popcorn), desserts (including baked goods 
and frozen dairy desserts), SSBs (sugar-sweetened fruit drinks, soft drinks, and water), and 
ASBs (artificially-sweetened fruit drinks, soft drinks, and water). We examined all food and 
beverage groups separately as weekly servings.
Availability of neighborhood resources
Food resource data were obtained from the Dun & Bradstreet (D&B) Duns Market 
Identifiers File (food store and restaurant SIC categories) (Dun & Bradstreet, Inc., Short 
Hills NJ)54, a commercial data set of US businesses. Food resources were classified 
according to primary 8-digit Standard Industrial Classification (SIC) codes at Years 7–25 
and a combination of 4-digit SIC codes and matched business names at Year 0 (Table B, 
available as a supplement to the online version of this article at http://www.ajph.org). We 
calculated the count of each type of food resource within a 3-km distance along the street 
network around participant homes. We selected a 3-km network buffer because it represents 
availability of neighborhood food resources relative to the street network, and reflects the 
distance and manner participants would travel to convenience stores via the street 
network.55,56 Our primary exposure variable was the percentage of convenience stores 
relative to total food stores and restaurants (within a 3-km network buffer). Our rationale for 
this measure was to address convenience stores within the context of other neighborhood 
retail food options, regardless of whether they were considered healthy or unhealthy options. 
Thus, our measure represents the full range of retail food outlet choices in the neighborhood 
rather than the absolute count of convenience stores.
Covariates
Self-reported individual-level socio-demographic information was collected at baseline 
using a standardized questionnaire, including age, gender, and race (black, white). Current 
educational attainment (years) was collected at all exam years, while income categories were 
collected at each exam starting at Year 5. We created a community-level neighborhood 
deprivation score, with a higher score indicating greater neighborhood deprivation, using 
principle components analysis (PCA) of four tract-level variables: (1) percentage of tract 
education < high school at age 25; (2) education ≥ college at age 25; (3) median household 
income; and (4) percentage of people with household incomes less than 150% of federal 
poverty level 57. Population density was defined as population per square kilometer within a 
3-km Euclidean buffer. The county-level cost of living (COL) index was derived from the 
Council for Community and Economic Research and spatially and temporally linked to 
respondents’ residential locations.
Analytic sample
Participants present for CARDIA Year 0, 7, or 20 exams were considered eligible for the 
current study (n=5,115). We excluded individuals with implausible dietary data (n=213), 
missing dietary data (n=534), and missing income or education data (n=475); thus, our final 
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longitudinal analysis sample included 3,922 participants. Food resource data were complete 
for all observations, so exclusion was unrelated to food resource data availability.
Statistical analysis
We examined changes in the availability of food resources and socio-demographic 
characteristics of the study sample at CARDIA Year 0, 7, and 20 exams, as well as 
correlations between neighborhood-level variables. Because we observed small within-
person temporal variability in the percentage of convenience stores, we used repeated 
measures random effects regression for all diet outcomes. Essentially, this model utilizes a 
series of cross-sectional data to estimate between-person changes over time (accounting for 
within-person correlation of serial measurements); thus, model estimates represent the 
average difference in diet outcomes for each unit of convenience store availability over the 
20-year period.
Based on the normal distribution of diet outcomes, we used linear regression for analyses of 
dietary patterns and continuous food group outcomes (in separate models), including fruit, 
vegetables, whole grains, processed meats, and snack foods. For food groups with >20% 
non-consumption (SSB and ASB consumption), we used two-step econometric models58–60, 
which account for the high percentage of meaningful zeros. The goal of these two-step 
models is to predict the actual amount consumed across the full sample. The first equation is 
a random effects probit regression that estimates the probability of consuming a beverage 
across the full sample. The second equation is a random effects linear regression model that 
estimates the amount of beverage consumption within consumers only (i.e., conditional on 
consumption). The coefficients from the second equation (linear model among consumers 
only) are weighted by the coefficients from the first equation (probit model among full 
sample); thus, predicted values from the two-step model represent weighted means of the 
amount of unconditional (i.e., regardless of consumption) beverage consumption for the full 
sample. Standard errors were obtained by bootstrapping with 1000 replications.
We tested linearity of exposures using two approaches: adding a quadratic term to linear 
regression models; and classifying our exposure using categorical terms. These analyses 
indicated that associations between convenience stores and diet outcomes were often, but 
not always, non-linear. To account for non-linearity where present, and for consistency of 
presentation and ease of interpretability, we modeled food resource exposures categorically 
using approximate quartile cut-off points: percentage of convenience stores relative to total 
food stores and restaurants (≤10%, 11–20%, >20%) and total count of food stores and 
restaurants (≤10, 11–99, ≥100 counts).
Based on their hypothesized relationships with the exposure and outcome, we adjusted for 
the following covariates in all models: individual-level age, gender, race (black, white), 
baseline center, maximum educational attainment (completed elementary school, ≤3 years 
high school, 4 years of high school, ≤3 years college, or 4 or more years of college); 
community-level population density, COL (relative to a standard of 1 from years 1982–84), 
total food stores and restaurants (≤10, 11–99, ≥100 counts); and time. We were interested in 
whether the effect of convenience stores on diet was modified by individual-level SES. We 
tested for interaction by maximum-reported income (units of $10,000 from midpoint of 
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category) by including a cross-product term in regression models. We used Stata (version 
13.0) for all analyses (xtreg for linear regression and xtprobit for binary regression) and 
covariate-specific associations (margins).
Sensitivity testing
In sensitivity analyses, we compared our findings by individual-level SES to differences by 
neighborhood-level SES; therefore, we tested for interaction by neighborhood deprivation 
(continuous) by including a cross-product term in regression models (and adjusting for 
individual-level income). To determine whether results from our a priori diet quality score 
were robust to classification of diet, we also compared results to a different indicator of diet 
quality (i.e., Western versus Prudent diet). To do so, we used PCA with orthogonal rotation 
to empirically derive two uncorrelated dietary patterns from the 46 food groups: one with 
high factor loadings of healthier foods, labeled “Prudent,” and another with high factor 
loadings of unhealthier foods, labeled “Western.”52,53 In addition, we compared findings 
with 1-, 5-, and 8-km network buffer sizes to our analyses with a priori diet quality score. In 
separate models, we examined a 3-way interaction by time and income (percentage of 
convenience stores*time*income) in relation to each outcome to justify our repeated 
measures approach to estimating changes across time. We adjusted for all individual- and 
neighborhood-level covariates in sensitivity analyses.
RESULTS
The a priori diet quality score increased by 7.0±11.6 points between years 0 and 20 (Table 
1). Consumption of SSBs and desserts significantly decreased between years 0 and 20, and 
fruit, vegetable, processed meat, and ASB consumption significantly increased; 
consumption of snacks and whole grains did not change considerably across time. At the 
neighborhood-level, count of neighborhood convenience stores significantly increased 
between exam years, while counts of total food stores and restaurants and the percentage of 
neighborhood convenience stores did not change over time. The correlation between the 
percentage of neighborhood convenience stores (relative to total food stores and restaurants) 
and total food stores and restaurants was moderate and inverse (r=−0.35).
In unadjusted linear regression analysis, we observed statistically significant negative 
associations with a priori diet quality score and servings of fruit, vegetables, whole grains, 
and ASBs, as well as positive associations with servings of processed meat, desserts and 
SSBs. We found no statistically significant associations with servings of snacks.
Associations with diet pattern scores
In multivariable-adjusted analysis, the association between the a priori diet quality score and 
percentage of neighborhood convenience stores differed by individual-level income (p for 
interaction, 0.001). For example, higher percentage of neighborhood convenience stores 
relative to total food stores and restaurants was associated with lower a priori diet quality 
scores; this association was stronger among participants with lower (versus higher) 
individual-level income (10th and 90th percentiles of income) (Figure 1). Associations at 
higher individual-level income were weak or absent.
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Associations with fresh food groups
In multivariable adjusted models for specific food groups, whole grain consumption was 
negatively associated with the percentage of neighborhood convenience stores relative to 
total food stores and restaurants; these associations were stronger at lower (versus higher) 
individual-level income (Figure 2). Associations with fruit, vegetable, and processed meat 
consumption were also not statistically significant (Table 2).
Associations with snacks and sweetened beverages
After adjustment for covariates, the two-step model results showed greater availability of 
neighborhood convenience stores was not statistically significantly associated with the 
probability of consuming SSBs and ASBs (step 1), the amount of SSBs and ASBs consumed 
among consumers (step 2), or the unconditional amount of SSB and ASB consumed across 
the full sample (Table 3). Associations with weekly servings of snacks and desserts were 
also not statistically significant after adjustment for covariates. We did not observe 
statistically significant differences with SSB, ASB, snack, or dessert consumption by 
individual-level income.
Sensitivity testing
Both the a priori diet quality score and whole grain consumption were negatively associated 
with the percentage of neighborhood convenience stores, and these associations were 
stronger in more (versus less) socioeconomically deprived neighborhoods (Figures A and B, 
respectively, available as supplements to the online version of this article at http://
www.ajph.org). Multivariable-adjusted associations with consumption of fruit, vegetables, 
processed meat, snacks, and sweetened beverages were similarly not statistically significant 
across categories of neighborhood-level deprivation score. Our sensitivity results yielded 
similar findings for the Western diet pattern score relative to the a priori diet score (Table A, 
available as a supplement to the online version of this article at http://www.ajph.org). In 
addition, we found similar patterns of findings with 1-, 5-, and 8-km network buffer sizes for 
our analyses with a priori diet quality score by individual-level income (Table A, available 
as a supplement to the online version of this article at http://www.ajph.org). The interaction 
term with time was not significant in any models, thus findings did not vary across exam 
years.
DISCUSSION
In this longitudinal study of a large, diverse cohort of young adults over 20 years, we found 
that greater availability of neighborhood convenience stores was associated with lower diet 
quality and consumption of whole grains. These associations between convenience stores 
and diet were stronger in low (versus high) income participants. However, we found no 
statistically significant association between neighborhood convenience stores and 
consumption of fruit, vegetables, processed meat, snacks, SSBs, and ASBs, regardless of 
individual-level SES.
Findings from previous studies are inconsistent, with several reporting a positive association 
between convenience store availability and consumption of fruits, vegetables, snacks, and 
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SSBs,22,38,41–43,49 while others report no statistically significant association with diet 
behaviors.37,39,40,45,46 All of these studies, however, differ from our study in important 
ways: they used cross-sectional data, which makes it more difficult to draw inferences about 
causality and directionality; with one exception,45 they did not examine dietary patterns in 
addition to single food items and groups, which ignores overall diet effects; also, they based 
availability on absolute count of convenience stores, and thus did not consider alternative 
neighborhood eating options. Except for two analyses,46,49 prior studies did not examine 
differences by individual- or neighborhood-level SES, which may contribute to 
heterogeneity of findings in the literature.
Our study shows that a higher number of neighborhood convenience stores relative to total 
food stores and restaurants was inversely associated with diet quality among low income 
individuals. Our findings also suggest that this relationship may be driven by decreased 
consumption of whole grains. In other studies, researchers report less availability of healthy 
foods in convenience stores, whereas availability of unhealthy foods is near universal in 
retail and non-retail food establishments.61 The availability of convenience stores could 
negatively influence consumption of healthy food products more strongly than consumption 
of energy-dense snacks and sweetened beverages, given the wide availability of the latter 
across multiple types of food outlets.62 In particular, these findings may be due to the fact 
that convenience stores typically carry less whole grains, fruit, and vegetables compared to 
other retail food outlets (e.g., supermarkets).63
One could hypothesize that the statistically significant association between availability of 
convenience stores and whole grains in our study may be due to the more expensive price of 
whole (vs. refined) grains as suggested in the literature.64 It is also possible that whole 
grains are relatively less available in convenience stores, especially in low-income 
neighborhoods.63,65 Alternatively, consumers at all income levels may purchase fruits and 
vegetables at other food outlets (e.g., grocery stores).
Our findings are consistent with research from other groups that suggest that relationships 
between the neighborhood environment and consumption of “healthy” foods differ by 
individual-level SES.39,63,66 Results of sensitivity testing also suggested that associations 
between availability of neighborhood convenience stores with diet quality and consumption 
of whole grains differed by neighborhood-level SES. Specifically, our data suggest that 
greater availability of neighborhood convenience stores may promote poor diet quality in 
low-income participants and participants residing in more socioeconomically deprived 
neighborhoods. Convenience stores in socioeconomically deprived neighborhoods may offer 
foods of lower quality and higher cost compared to less deprived neighborhoods, and 
residents may have less access to transportation.67,68 Additionally, neighborhood crime, 
safety, and social ties may influence weight and diet behavior39; thus, residents may be more 
sensitive to the availability of low-quality foods offered at convenience stores. Therefore, 
potential solutions aimed at improving dietary behaviors could focus on low-income 
individuals and socioeconomically disadvantaged neighborhoods. Prior studies have 
demonstrated that interventions and initiatives to increase the within-store availability and 
purchasing of healthy food options in convenience stores and corner stores is feasible, 
especially in areas with higher density of convenience stores.29,69,70
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To our knowledge ours is the first longitudinal analysis of the association between 
neighborhood convenience store availability with diet behaviors. We captured changes in 
the food environment and diet behaviors over time in a large and diverse population-based 
cohort of young adults, and examined differences in associations with diet by individual- 
and neighborhood-level SES. Further, we not only used measures of single food items, we 
also used two conceptually-distinct dietary pattern scores (a priori and empirically-derived) 
to characterize the complexity of the overall diet of participants.
Despite these strengths, our study had several limitations. Given the complexity of food 
purchasing and consumption choices within neighborhoods,71 we were unable to correct for 
bias due to residential self-selection. Our measures of food consumption were based on self-
report, which are prone to recall bias and reporting error. Although street network buffers 
represent convenience store availability in the area surrounding participants’ residences, we 
were also unable to address participants’ workplaces, nor could we classify where specific 
food items were purchased; however, our focus on a single type of food outlet (convenience 
stores) takes into account the density of other food choices by conceptualizing the exposure 
as a proportion of convenience stores relative to total outlets, including food stores and 
restaurants. While we acknowledge that this conceptualization is one option among many 
(e.g., relative to supermarkets), we were unable to capture differences in within-store food 
availability or the quality of these foods; therefore, we have no way of knowing which retail 
food options sold healthy or unhealthy food. In addition, the D&B food business record data 
may have contained location errors, but these errors were probably random in nature and 
small.
Conclusion
Our findings suggest that living in neighborhoods with greater availability of convenience 
stores is associated with low consumption of healthy foods (e.g., whole grains) and overall 
poor diet quality relative to neighborhoods with fewer convenience stores. Furthermore, this 
association may be stronger in neighborhoods where residents are at high risk for poor diet 
quality and diet-related adverse cardiometabolic health outcomes, and as such, may play a 
role in socioeconomic disparities in diet behaviors and adverse health outcomes. Our 
findings suggest that efforts to increase the diversity of neighborhood food stores and 
restaurants or reduce the number of neighborhood convenience stores, particularly among 
low-income individuals, might be useful for increasing healthy diet behaviors.
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Multivariable adjusted a model of differences b in association between a priori diet quality 
score and percentage of convenience store relative to total neighborhood food stores and 
restaurants by individual-level income, Years 0–20 c
*Indicates that a priori diet quality score is statistically significantly different than referent 
score (<10% convenience store relative to total food outlets)
aAdjusted for individual-level age, gender, race (black, white), maximum educational 
attainment (completed elementary school, ≤3 years high school, 4 years of high school, ≤3 
years college, or 4 or more years of college); community-level population density 
(population/km2), cost of living (relative to a standard of 1 from years 1982–84), total food 
stores and restaurants (≤10, 11–99, ≥100 counts), neighborhood deprivation score (derived 
using PCA of four tract-level variables: (1) percentage of tract education < high school at 
age 25; (2) education ≥ college at age 25; (3) median household income; and (4) percentage 
of people with household incomes less than 150% of federal poverty level); and time
bAll values are derived from repeated measures random effects linear regression model of 
percentage of convenience stores relative to total food resources (in a 3 km network buffer) 
on a priori diet quality score20,46, and the interaction with maximum income (continuous) 
reported during the study ($/yr)
cn=3,922 participants with no implausible/missing dietary, income, or education data at 
CARDIA Exam Years 0, 7, and/or 20
da priori diet quality score, mean (SD): 66.3 (13.0)
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Multivariable adjusted a model of differences b in association between whole grain 
consumption and percentage of convenience store relative to total neighborhood food stores 
and restaurants by individual-level income, Years 0–20 c
* Indicates that a priori diet quality score is statistically significantly different than referent 
score (<10% convenience store relative to total food outlets)
aAdjusted for individual-level age, gender, race (black, white), maximum educational 
attainment (completed elementary school, ≤3 years high school, 4 years of high school, ≤3 
years college, or 4 or more years of college); community-level population density 
(population/km2), cost of living (relative to a standard of 1 from years 1982–84), total food 
stores and restaurants (≤10, 11–99, ≥100 counts), neighborhood deprivation score (derived 
using PCA of four tract-level variables: (1) percentage of tract education < high school at 
age 25; (2) education ≥ college at age 25; (3) median household income; and (4) percentage 
of people with household incomes less than 150% of federal poverty level); and time
bAll values are derived from repeated measures random effects linear regression model of 
percentage of convenience stores relative to total food resources (in a 3 km network buffer) 
on whole grain consumption and the interaction with maximum income (continuous) 
reported during the study ($/yr)
cn=3,922 participants with no implausible/missing dietary, income, or education data at 
CARDIA Exam Years 0, 7, and/or 20
dWhole grains, mean (SD): 1.6 (1.6); range: 0 – 16.2 svgs/wk
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